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878-7886/© 2015 Elsevier Masson SAS. All rights reserved.de,  laparoscopic  hepatic  surgery  (LHS)  has  been  increasingly
d.  Meanwhile,  ambulatory  surgery  has  been  developed  and
mproving  patient  satisfaction  and  reducing  health  care  costs.
o  report  our  preliminary  experience  with  ambulatory  minimally
4,  172  patients  underwent  LHS  at  our  institution,  including  151
ions  of  hepatic  cysts.  The  consecutive  series  of  highly  selected
tory  LHS  were  included  in  this  study.
ent  ambulatory  LHS.  Indications  were  liver  cysts  in  10  cases,
dular  hyperplasia  in  3  cases,  and  colorectal  hepatic  metastasis
e  time  was  92  minutes  (range:  50—240  minutes).  The  median
—150  mL).  There  were  no  postoperative  complications  or  re-
re  hospitalized  after  surgery  in  our  ambulatory  surgery  unit,
fter  surgery.  The  median  postoperative  pain  score  at  the  time
ue  scale:  0—10;  range:  0—4).  The  median  quality-of-life  score
as  8  (range:  6—10)  and  the  median  cosmetic  satisfaction  score
at,  in  selected  patients,  ambulatory  LHS  is  feasible  and  safe
rights  reserved.
ntroduction
ver  the  last  decade,  laparoscopic  hepatic  surgery  (LHS)
as  been  increasingly  performed  throughout  the  world  [1].
ompared  to  open  hepatic  surgery,  the  minimally  invasive
pproach  allows  a  reduction  in  intraoperative  blood  loss,
nd  postoperative  pain  and  morbidity,  with  no  change  in
he  oncologic  results.  A  signiﬁcant  decrease  in  the  length
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of  hospital  stay  [1]  along  with  lower  resultant  costs  [2]  are
also  reported  as  an  added  socioeconomic  beneﬁt  of  LHS.  In
a  recent  systematic  review  of  the  literature,  the  length  of
stay  after  LHS  ranged  from  1.2  to  15.3  days  [1].
An  increasing  number  of  gastrointestinal  surgeries  are
now  routinely  performed  in  an  ambulatory  setting  includ-
ing  cholecystectomy  [3],  hernia  repair  [4], gastroesophageal
fundoplication  [5],  and  appendectomy  [6].  The  minimally
invasive  approach  could  help  expand  ambulatory  care  to
more  complex  procedures.  Gash  et  al.  [7]  have  reported
successful  ambulatory  colectomy,  facilitated  by  the  use  of
the  single  laparoscopic  trocar  technique.  However,  although
it  is  recognized  that  ambulatory  surgery  generates  lower
costs,  its  safety  for  surgery  involving  solid  organs  (pancreas,
spleen,  liver)  is  still  unproven.
Our  team  has  been  striving  to  decrease  the  length  of  post-
operative  stay  through  the  development  of  LHS  [8].  On  our
service,  the  average  hospital  stay  after  laparoscopic  right
hepatectomy  [9]  and  atypical  hepatic  resections  [10]  is  8  and
5  days  respectively.  For  some  selected  interventions,  which
we  consider  to  be  as  safe  as  cholecystectomy,  we  were  able
to  evaluate  the  feasibility  of  ambulatory  management.
We  report  our  experience  with  ambulatory  minimally
invasive  hepatic  surgery  in  highly  selected  patients.  To  our
knowledge,  there  has  not  yet  been  any  study  focused  on  the
feasibility  of  this  approach.
Patients and methods
Between  1999  and  2014,  172  patients  underwent  LHS  at
the  Antoine-Béclère  Hospital  (Clamart),  including  151  liver
resections  and  21  fenestrations  of  hepatic  cysts.  All  consecu-
tive  patients  who  underwent  ambulatory  LHS  were  included
in  this  retrospective  observational  study.  Our  selection  crite-
ria  for  ambulatory  management  (deﬁned  retrospectively)
were:  fenestration  of  liver  cysts,  atypical  resection  for  a
single  small  lesion  (<  2  cm),  lesion  located  in  the  anterior-
lower  segments  (segments  II,  III,  IVb,  V  and  VI),  or  tumor
on  a  pedicle;  the  patient  must  also  live  near  the  hospi-
tal  (<  60  min)  and  have  a  responsible  adult  to  assist  after
discharge.  The  indication  for  benign  tumor  resections  was
the  symptomatic  nature  of  the  lesion.  Patients  who  were
excluded  from  ambulatory  management  included  patients
with  a  body  mass  index  (BMI)  >  35  kg/m2,  an  American  Soci-
ety  of  Anesthesiologists  (ASA)  score  ≥  3,  a  prior  history  of
upper  abdominal  surgery,  known  parenchymal  liver  disease
(cirrhosis,  ﬁbrosis  [METAVIR  F1—F3]  or  steatosis  ≥  10%)  or
long-term  anticoagulant  or  antiplatelet  therapy.
Operative and perioperative management
Our  ambulatory  protocol  was  instituted  2003  and  only  one
patient  (in  1999)  underwent  LHS  before  implementation
of  the  protocol.  The  decision  to  pursue  an  ambulatory
approach  was  made  during  the  surgical  consultation.  The
patient  was  informed  of  all  the  details  of  ambulatory  man-
agement,  the  risks  associated  with  surgery  and  anesthesia,
as  well  as  the  possibility  of  remaining  in  the  hospital  after
surgery.  A  website  summarizing  the  speciﬁcs  of  treatment
was  available  to  both  physicians  and  patients.  Finally,  a
folder  containing  several  pages  of  information  was  also
delivered  to  the  patient.  Our  hospital  has  a  dedicated  ambu-
latory  surgery  unit  staffed  by  a  speciﬁcally-trained  paramed-
ical  staff  who  are  experienced  in  the  practice  of  ambulatory
surgery.  A  nurse  contacts  the  patient  by  telephone  the  daybservational  study  293
before  surgery  to  summarize  all  of  the  details  of  man-
agement  and  to  ascertain  compliance  with  preoperative
requirements  (antiseptic  shower,  fasting  after  midnight,
adequate  home  conditions  for  post-surgical  recovery).
Surgery  was  performed  under  general  anesthesia  without
an  indwelling  arterial  catheter,  central  venous  line  or  epidu-
ral  catheter.  Intravenous  ﬂuid  replacement  was  restricted  in
order  to  obtain  a  low  central  venous  pressure  (<  5  mmHg).
The  surgical  technique,  the  collection  of  clinical  data  and
histological  examinations  have  been  previously  reported
[8—11].
We  performed  a  completely  laparoscopic  approach  using
3—5  trocars,  with  an  insufﬂation  pressure  of  10—12  mmHg,
and  a 0  or  30◦ telescope.  Parenchymal  transection  was
performed  using  either  ultrasonic  dissection  (Ultracision®,
Ethicon,  Cincinnati,  USA)  or  thermofusion  (Ligasure®,  Covi-
dien,  Dublin,  Ireland).  Hemostasis  of  minor  bleeding  was
achieved  with  bipolar  coagulation.  When  a  single  trocar
technique  was  employed,  this  was  performed  through  a  2  cm
supraumbilical  incision  using  a  4-port  device  (Quadriport®,
Olympus,  Tokyo,  Japan).  This  technique  used  a  ﬂexible
laparoscope  (endoEYE®,  Olympus,  Tokyo,  Japan)  and  a  dou-
ble  curvature  grasper  in  order  to  avoid  conﬂicts  between
instruments.  At  the  end  of  surgery,  the  cut  surface  of  the
liver  was  inspected  for  hemostasis  with  the  intraperitoneal
pressure  dropped  to  6  mmHg,  and  local  anesthetic  (20  mL
of  Ropivicaine  0.2%  [2  mg/mL])  was  instilled  to  bathe  the
diaphragmatic  cupolas  and  5  mL  of  0.5%  Ropivicaine  was
inﬁltrated  into  the  trocar  sites.  No  drains  were  placed.
Postoperative  pain  was  managed  with  level  I  and  II oral
analgesics  in  a  manner  similar  to  that  used  for  ambula-
tory  laparoscopic  cholecystectomy.  Pre-emptive  treatment
to  prevent  nausea  and  vomiting  (consisting  of  dexametha-
sone  4  mg  at  induction  and  droperidol  1.25  mg  at  the  end  of
the  intervention)  has  been  routinely  performed  since  2007.
After  a light  meal  and  following  surgical  and  anesthesia
assessments,  the  patient  was  allowed  to  leave  the  facility.
At  the  time  of  discharge,  the  patient  had  to  be  able  to  eat
without  problems,  ambulate,  urinate,  and  have  pain  con-
trolled  according  to  the  analgesic  protocol.  A  prescription
for  analgesics  was  provided  for  use  during  the  week  follow-
ing  the  intervention.  At  the  time  of  discharge,  the  patient
was  handed  a  document  describing  adverse  events  that
required  emergency  consultation,  and  contact  information
for  the  digestive  surgeon  who  is  available  on  24-hour  call.
Four  patients  undergoing  resection  of  colorectal  metastases
received  prophylactic  anticoagulation  as  recommended  by
the  French  Society  of  Anesthesia  and  Intensive  Care.  On
the  day  following  surgery,  a  dedicated  nurse  contacted  the
patient  by  telephone,  and  the  patient  was  seen  by  the  sur-
geon  on  the  third  day  and  again  at  four  weeks  after  the
intervention.  For  patients  within  the  framework  of  these
very  speciﬁc  indications  (fenestration  of  hepatic  cysts  and
atypical  resections  of  small  peripheral  tumors  in  healthy
liver),  we  did  not  systematically  perform  laboratory  mon-
itoring  or  imaging  after  LHS,  regardless  of  whether  the
management  setting  was  in-patient  or  ambulatory.
Statistical analysis
The  following  data  on  patients  undergoing  ambulatory
were  collected  prospectively:  operative  time,  conversion
to  laparotomy,  intraoperative  morbidity  (including  bleeding,
deﬁned  as  a  100  mL  higher  bleeding),  postoperative  morbid-
ity,  and  length  of  hospital  stay.  Pain  was  evaluated  at  the
time  of  discharge  and  at  the  ﬁrst  visit  using  a  visual  analog
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Interventions
Cyst  fenestration,  n (%)  10  (50)
Atypical  hepatic  resection,  n  (%)  10  (50)
Single  trocar  laparoscopy,  n  (%)  1  (5)
was  achieved  by  single  laparoscopic  trocar.  In  one  case,  the
existence  of  cirrhosis,  undiagnosed  before  the  procedure,
was  demonstrated  by  histological  examination.
The  operative  and  postoperative  results  are  summa-
rized  in  Table  3. The  median  operative  time  was  92  minutesigure 1. Inclusion of patients who underwent outpatient ambu-
atory laparoscopic hepatic surgery from 1999 to 2013. * Based on
natomic criteria.cale  (VAS).  The  patient’s  quality  of  life  and  esthetic  satis-
action  were  evaluated  at  four  weeks  after  intervention  by
 ten-level  verbal  rating  scale  (VRS).
Statistical  analysis  was  performed  with  SPSS® software
IBM  Company,  Los  Angeles,  California).  Continuous  varia-
les  were  expressed  as  median  (followed  by  their  range).
esults
etween  1999  and  2014,  20  patients  underwent  ambula-
ory  LHS  at  our  institution;  this  corresponds  to  11.6%  of  all
HS  performed  during  this  period.  The  included  patients  are
escribed  in  Fig.  1.  Demographic  characteristics  are  summa-
ized  in  Table  1.  Indications  for  surgery  were  liver  cysts  in
0  cases,  liver  angioma  in  3  cases,  focal  nodular  hyperpla-
ia  in  3  cases,  and  liver  metastasis  from  colorectal  cancer
n  4  cases  (Table  2).  Hepatic  cysts  were  located  in  the  left
obe  in  4  cases,  and  in  the  right  lobe  in  6  cases,  and  were  all
reated  by  resection  of  the  protruding  dome.  For  the  solid
esions,  atypical  resections  of  segment  III  (4  cases),  segment
 (2  cases),  and  segment  VI  (4  cases)  were  performed.  In
ne  patient,  the  resection  of  a  focal  nodular  hyperplasia
Table  1  Hepatic  and  demographic  characteristics  of
patients.
Patients
Sex  (F/M)  17/3
Age  (years),  median  (range)  56.5  (41—68)
BMI,  median  (range)  24  (18—32)
ASA  I,  n  (%)  8  (40)
ASA  II,  n  (%)  12  (60)
Hepatic  parenchyma
Normal,  n  (%)  14  (70)
Chronic  hepatitis,  n  (%)  5  (25)
Cirrhosis,  n  (%)  1  (5)
BMI: body mass index (kg/m2); ASA Score: American Society of
Anesthesiologists score.
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Table  2  Indications  for  surgery,  localization,  and  types
of  intervention.
Indications
Hepatic  cyst,  n  (%)  10  (50)
Hepatic  angioma,  n (%)  3  (15)
Focal  nodular  hyperplasia,  n  (%)  3  (15)
Hepatic  metastasis  from  colorectal
cancer,  n  (%)
4  (20)
Localization
Right  lobe,  n  (%)  12  (60)
Left  lobe,  n  (%)  8  (40)range:  50—240  min).  No  case  was  converted  to  laparotomy,
nd  we  did  not  use  pedicle  clamping.  The  median  blood
oss  was  35  mL  (range:  20—150  mL).  No  patient  was  trans-
used.  There  was  one  case  of  intraoperative  bleeding  due
o  an  injury  to  a  peripheral  venous  branch,  in  a  patient
ndergoing  resection  of  focal  nodular  hyperplasia  of  the
ight  liver.  Bleeding  was  promptly  controlled  by  venous  sta-
ling  with  an  Endo-GIA® (Covidien,  Dublin,  Ireland),  and
he  ﬁnal  blood  loss  was  150  mL.  All  patients  were  cared  for
n  our  dedicated  postoperative  ambulatory  surgery  center,
nd  were  able  to  leave  the  facility  5—7  hours  after  surgery.
ll  patients  who  were  scheduled  for  ambulatory  LHS  were
anaged  in  this  way.  In  the  case  of  one  patient  with  an  oper-
tive  duration  of  240  minutes,  we  considered  the  possibility
Table  3  Intraoperative  and  postoperative  results.
Operative  duration  (minutes),  median
(range)
92  (50—240)
Intraoperative  blood  loss  (mL),  median
(range)
35  (20—150)
Transfusion,  n  (%) 0
Pedicular  clamping,  n  (%) 0
Conversion  to  open  surgery,  n  (%) 0
Intraoperative  incidents  —  hemorrhage,
n  (%)
1  (5)a
Mortality,  n  (%)  0
Morbidity,  n  (%)  0
Postoperative  pain  (VAS:  0—10)
At  time  of  discharge,  median  (range)  3  (0—4)
At  follow-up  visit  on  POD  3,  median
(range)
0 (0—4)
Quality  of  life  (VRS:  0—10)
At  4  weeks  after  surgery,  median
(range)
8  (6—10)
Esthetic  satisfaction  (VRS:  0—10)
At  4  weeks  after  surgery,  median
(range)
8  (7—10)
VAS: visual analog scale; POD: postoperative day; VRS: verbal
rating scale.
a Controlled by venous stapling
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of  conventional  hospitalization,  but  satisfactory  recovery
of  this  young  patient  with  no  co-morbidities  prompted  us
to  continue  ambulatory  management.  No  complications  or
re-admissions  were  noted.  Pain  in  the  postoperative  period
and  at  the  ﬁrst  postoperative  visit  was  minimal,  including
eight  patients  who  had  no  pain  three  days  after  surgery.
The  median  quality  of  life  score  at  four  weeks  after  the
intervention  was  8  (range:  6—10),  and  the  median  esthetic
satisfaction  score  was  8  (range:  7—10).
Discussion
Carried  along  by  the  encouraging  results  achieved  by  mini-
mally  invasive  surgery  and  the  imperative  to  reduce  health
spending,  performance  of  surgery  in  the  ambulatory  set-
ting  will  probably  continue  to  grow  throughout  the  world.
Correct  selection  of  interventions  that  are  feasible  for
ambulatory  surgery  therefore  constitutes  a  challenge  for
surgical  teams.
We  report  20  patients  who  underwent  ambulatory  LHS
in  our  ambulatory  surgery  unit.  This  small  series  is  the
ﬁrst  study  of  ambulatory  laparoscopic  liver  surgery.  These
patients  were  a  highly  selected  subset  constituting  11.6%  of
all  patients  who  underwent  LHS  during  the  study  period.
Based  on  anatomical  criteria  alone  (size  and  location  of
lesions),  43  other  patients  (25%)  would  have  been  eligible
to  undergo  LHS  on  an  ambulatory  basis,  but  were  eventually
managed  by  traditional  hospitalization  because  of  details  of
past  history  or  according  to  surgeon  choice.  Ten  patients
underwent  a  liver  cyst  fenestration  (47.6%  of  all  cyst  fenes-
tration  performed  during  the  same  period),  and  ten  patients
underwent  a  laparoscopic  liver  resection  (6.6%  of  all  laparo-
scopic  liver  resection  during  the  same  period).  Meticulous
analysis  of  our  results  may  possibly  lead  to  interesting  path-
ways.
The  principal  result  of  our  study  was  the  demonstra-
tion  of  the  feasibility  of  performing  these  procedures  as
an  ambulatory  procedure.  No  patients  required  readmission
and  postoperative  morbidity  was  zero.  Over  the  last  sev-
eral  years,  we  have  developed  an  ambulatory  management
approach  in  a  dedicated  unit  in  our  department  for  different
types  of  general  and  digestive  surgery  procedures  [12,13].
We  believe  that  this  experience  has  allowed  us  to  expand
indications  for  more  complex  surgical  interventions.  This
study  was  conducted  by  a  team  that  had  extensive  expe-
rience  in  both  laparoscopic  liver  surgery  and  in  ambulatory
surgery.  This  management  approach  can  only  be  considered
by  expert  teams  and  in  highly  selected  patients.
One  likely  explanation  for  these  good  results  is  the  very
strict  patient  selection,  favored  by  speciﬁcally  adapted
perioperative  management.  Our  selection  criteria  exclude
patients  with  an  ASA  ≥  3,  with  a  BMI  greater  than  35  kg/m2,
with  parenchymal  liver  disease  or  taking  chronic  anticoagu-
lation,  and  also  those  patients  living  far  from  our  facility  or
those  who  could  not  be  assisted  by  a  third  party  on  their
return  home.  Except  for  the  ASA  score  ≥  3,  we  have  not
found  the  other  elements  to  be  ironclad  contraindications
to  the  laparoscopic  approach.
Detailed  information  on  the  procedure,  its  conse-
quences,  risks  and  postoperative  care  was  delivered  to  the
patient  and  his/her  primary  care  doctor.  The  patient  was
always  informed  of  the  possibility  of  failure  of  ambulatory
management  in  order  to  de-dramatize  it  should  the  situ-
ation  arise.  The  experience  of  the  anesthesia  team  is  also
essential  for  the  adaptation  of  general  anesthesia  protocols,bservational  study  295
and  prevention  of  postoperative  nausea  and  vomiting  is
crucial  to  reduce  the  impact  of  prolonged  conventional
hospital  stay  due  to  anesthetic  complications.  Experience
in  performing  LHS  [8,10,14]  is  an  obvious  pre-requisite,  and
these  interventions  should  be  limited  to  expert  centers.
Bleeding  is  the  most  feared  complication  after  laparo-
scopic  liver  resection.  Intraoperative  bleeding  occurred  in
one  patient,  and  could  be  controlled  by  a  venous  stapling.
The  rapid  management  of  this  complication  was  not  seen
as  a  reason  for  the  conversion  to  in-patient  hospitaliza-
tion.  No  biliary  ﬁstula  was  observed.  The  low  incidence  of
postoperative  biliary  ﬁstula  after  these  selected  interven-
tions,  and  the  possibility  of  managing  such  complications
by  endoscopy  [15]  or  interventional  radiology  [16]  were
elements  in  favor  of  performing  these  procedures  on  an
ambulatory  basis.  Indeed,  we  estimate  the  rate  of  post-
operative  complications  after  laparoscopic  fenestration  of
biliary  cysts  at  less  than  1%  [17].  In  our  experience  with  the
43  other  patients  who  were  potentially  eligible  for  ambu-
latory  LHS  (based  on  anatomical  criteria),  we  observed  no
postoperative  complications  requiring  surgical  or  radiologi-
cal  intervention  or  intensive  care  (Dindo-Clavien  grade  ≥  III)
[18].  Furthermore,  postoperative  drainage  is  not  routinely
used  after  LHS  in  our  unit  [8,10].  Postoperative  pain  was
comparable  to  that  previously  reported  after  laparoscopic
cholecystectomy  [3]. This  moderate  postoperative  pain  was
easily  controlled  by  non-opioid  analgesics  in  all  cases,  allow-
ing  early  discharge  of  patients.  Patients  are  routinely  seen
in  the  clinic  on  day  3.  The  surgeons  in  our  service  like
to  form  their  own  idea  of  the  patient’s  early  postopera-
tive  condition;  in  our  experience,  this  has  allowed  us  to
reassure  certain  anxious  patients  during  the  early  days
after  surgery.  Moreover,  we  believe  that  the  main  potential
complications  can  be  detected  at  this  stage:  surgical  site
infection,  hematoma,  etc.  After  this  initial  visit  on  postop-
erative  day  3,  we  can  see  no  objective  reason  to  see  these
patients  again  for  a  month,  in  order  to  have  an  adequate
length  of  follow-up.
Our  ambulatory  management  can  be  improved  to  become
even  less  invasive.  For  example,  the  value  of  the  preopera-
tive  antiseptic  shower  can  be  questioned.  This  requirement
has  recently  been  described  as  useless,  since  a  simple
shower  with  a  sterile  unidose  of  mild  soap  has  the  same
efﬁcacy  [19]. Patients  have  been  required  to  fast  from  mid-
night,  but  current  recommendations  allow  ingestion  of  clear
liquids  up  to  two  hours  before  surgery  in  patients  with  no
disorders  of  gastric  emptying  [20].
This  feasibility  study  has  several  limitations.  First,  the
number  of  patients  was  low  and  they  were  recruited  over
a  relatively  long  time  period.  The  retrospective  collection
of  data  was  another  limitation  that  must  be  mentioned.  We
used  a simple  verbal  rating  scale  for  assessing  the  postopera-
tive  quality  of  life  and  esthetic  satisfaction.  This  scale  has
not  been  explicitly  validated  for  this  purpose.  We  have  used
it  routinely  for  the  sake  of  simplicity  in  all  patients  undergo-
ing  ambulatory  management  compared  to  other  scales  such
as  the  SF36  or  GIQLI  scale.  The  conclusions  of  our  work  can
only  be  applied  to  highly  selected  patients  and  this  man-
agement  strategy  will  probably  never  become  a  standard
routine  for  patients  requiring  hepatectomy.  Moreover,  an
extensive  experience  in  ambulatory  surgery  is  not  sufﬁcient
to  undertake  this  type  of  management,  which  should  be
undertaken  only  in  centers  with  expertise  in  both  laparo-
scopic  and  hepatic  surgery.  The  limited  number  of  these
centers  is  a  real  barrier  to  the  development  of  this  type
of  management.
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Nevertheless,  these  positive  results  should  allow  us  to
xpand  the  indications  for  ambulatory  care  to  include  more
xtensive  laparoscopic  liver  resection.  Left  lobectomy  is
urrently  routinely  performed  via  a  laparoscopic  approach
y  several  teams  [21,22]  and  can  potentially  be  achieved  as
mbulatory  surgery;  this  is  true  as  well  for  the  destruction  of
olid  lesions  by  radiofrequency-assisted  laparoscopy.  Other
rocedures,  such  as  atypical  resections  of  tumors  localized
o  the  posterior  segments  and/or  >  2  cm,  still  appear  to  be
oo  risky  to  be  performed  as  ambulatory  surgery  at  the
resent  time.  New  minimally  invasive  surgical  techniques,
uch  as  single  trocar  [23]  or  robotic  surgery  [24],  could  help
o  facilitate  the  development  of  ambulatory  LHS.
onclusion
his  series  of  a  very  limited  number  or  patients  shows  that
mbulatory  LHS  is  feasible,  and  that  minor  procedures  can
e  performed  without  complication  in  selected  patients  by
xpert  teams.  However,  further  studies  are  needed  to  con-
rm  this  preliminary  experience.
isclosure of interesthe  authors  declare  that  they  have  no  conﬂicts  of  interest
oncerning  this  article.
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